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Long d u r a t i o n  manned mis s ions  i n  l u n a r  o r b i t  are  
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MEMORANDUM FOR FILE 

Long d u r a t i o n  manned m i s s i o n s  i n  l u n a r  o r b i t  w i l l  be 
exposed to t h e  p o s s i b l e  occurrence  of s e v e r e  s o l a r  cosmic 
r a d i a t i o n .  The e x t e n t  to which such r a d i a t i o n  may be harmful  
to the  a s t r o n a u t s  i s  d i scussed  i n  t h i s  memorandum. S ince  t h e  
problem of s o l a r  cosmic r a d i a t i o n  i s  much l e s s  s e v e r e  d u r i n g  
t h e  minimum of t h e  c y c l e  of s o l a r  a c t i v i t y  t h a n  du r ing  t h e  
maximurn, on ly  t h e  pe r iod  of h i g h  a c t i v i t y  w i l l  be t r e a t e d .  
The p a r t i c i - l a r  miss ion  examined i s  a m i s s i o n  of 28 d a y  l u n a r  
s t a y  t i m e ,  and 7 d a y  t o t a l  t r a n s i t  t i m e .  The l u n a r  o r b i t  was 
t a k e n  to be c i r c u l a r ,  wi th  an  a l t i t u d e  of 8 0  nm above the  s u r f a c e  
of t h e  noon. 

. .  

FLUX. - MODEL 

The p a r t i c l e  f l u x  v a l u e s  and s p e c t r a l  shape used f o r  t h e  
c a l c u l a t i o n s  are t h o s e  of Webber ( R e f .  1). The dose c a l c u l a t i o n s  
a re  t h o s e  of Ship ley  (Ref .  2 ) .  The s h i e l d  used i s  t h a t  of t h e  
e a r l y  NAA d e s c r i p t i o n  of t h e  CM. S i n c e  tha t  time, t he  CM s h i e l d i n g  
model has been modified i n  such a way as  to reduce  t h e  dose by 
about 1%. The e f f e c t i v e  s h i e l d i n g  of t h e  moon h a s  been inc luded  
i n  t h e  dose c a l c u - l a t i o n s  for t h e  l u n a r  o r b i t a l  phase of t h e  
m i s s i o n .  T h i s  r educes  the dose to about  70% of the f r e e  space  dose.  
It has been i m p l i c i t l y  assumed that the p a r t i c l e  f l u x  i s  i s o t r o p i c .  

DOSE LIMITS 
_I 

Two dose l i m i t s  have been e s t a b l i s h e d  by t h e  MSC Medical 
O f f i c e :  a Planning Opera t iona l  Dose ( P O D ) ,  and a Maximum Opera t iona l  

erythema in 10% nf t h e  pecp le  expesed, while the dzp th  MOD i s  
t h a t  dose  which causes  nausea i n  lG$ of t h e  people  exposed.. The 
PODS a re  de f ined  a s  h a l f  of the  MODS. Reference  3 g i v e s  t h e  dose  
l i m i t s  g iven  i n  Table  1. 
c a b i n  s k i n  POD and MOD and t h e  d e f i n i t i o n .  

.Dose  (rslOD). The s k i n  MOD i s  d e f i n e d  to be t h a t  dose which produces  

N o t e  the  i n c o n s i s t e n c y  between t h e  
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Some f i l m s  are  cons ide rab ly  more s e n s i t i v e  t h a n  man. 
The re fo re ,  doses  t h a t  may not be  dangerous t o  t h e  a s t r o n a u t s  
may a f f e c t  t h e  s u c c e s s  of some photographic  mis s ion  o b j e c t i v e s .  

TABLE 1 

Skin  Dose 

G a s t r o i n t e s t i n a l  

T r a c t  

CALCULATIONS 

MOD POD 

400 r a d  250 r a d  

50 r a d  25 r a d  

Sk in  doses  and 1-C cm depth  doses  are c a l c u l a t e d  f o r  a n  
a s t r o n a u t  ins id’e  the CM. B o t h  t h e  f r e e  space doses  and the l u n a r  
o r b i t  dose p r o b a b i l i t i e s  were c a l c u l a t e d  for 7 and 28 d a y s ,  
r e s p e c t i v e l y .  The dose p r o b a b i l i t y  v a l u e s  were e s t ima ted  by 
c a l c u l a t i n g  t h e  dose  r e s u l t i n g  from each  event  of the  19th  solar 
c y c l e  and combining t h i s  dose d i s t r i b u t i o n  w i t h  a un5.forl.n even t  
occur rence  p r o b a b i l i t y  f o r  t h e  maximum of the s o l a r  c y c l e .  If 
t h e  number of  e v e n t s  of t h e  19 th  solar c y c l e  for which t h e  dose  
exceeded Do i s  expressed  by N ( D >  Do) ‘and t h e  t o t a l  number of 
e v e n t s  f o r  t he  6 year maximum i s  No t h e n  P ( 7  Do)  = 

\ 
I \ ‘mission = N ( D , D ~ )  tmTssion 

N ( D 7  Do) ‘I No 

I i No i k s o l a r  max i ’ t s o l a r  max 

The r e s u l t i n g  v a l u e s  f o r  the p r o b a b i l i t y  of exceeding t h e  11 cm 
MOD and POD for t h e  two phases  of the  mis s ion  are  g i v e n  i n  
Table 2. For no even t  d i d  t h e  s k i n  dose  exceed t h e  s k i n  POD, 
so t h i s  p a r t i c u l a r  problem w i l l  n o t  be d i s c u s s e d  f u r t h e r .  
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TABLE 2 

PROBPBILITY OF EXCEEDING DEPTH DOSE LIMITS 

7 Days i n  F r e e  Space 28 Days i n  Lunar O r b i t  

MOD .4$ 

POD .8% 

.9% 

2% 

I f  crew s a f e t y  i s  d e s i r e d  t o  be a t  least  99.9$, and one d e f i n e s  
crew s a f e t y  wi th  r e s p e c t  to the symptoms used i n  e v a l u a t i n g  the 
MOD and POD l i m i t s ,  t h e n  one should  a s s i g n  a g o a l  c;f about  1$ 
POT t h e  p r o b a b i l i t y  of exceeding the MOD. I n  t h e  c a s e  of d e p t h  
doses ,  t h i s  l i m i t  I s  50 r a d .  Table 2 i n d i c a t e s  tha t  t h e  
p r o b a b i l i t y  of exceeding t h e  MOD i s  about  1$, s o  t ha t  s o l a r  
cosmic r a d i a t i o n  should n o t  be a n  impor t an t  c o n s t r a i n t  on t h e  
mis s ion .  Rowever, the  p r o b a b i l i t y  of exceeding t h e  POD, ai-d 
t h e r e f o r e  r e q u i r i n g  some t y p e  of miss ion  m o d i f i c a t i o n ,  p o s s i b l y  
a f f e c t i n g  mls s ion  success ,  i s  s e v e r a l  times g r e a t e r .  

DISC US S I O N  

Because of the long  t r a n s i t  time from t h e  moon t o  t h e  
earth t h e r e  i s  l i t t l e  or no b e n e f i t  t o  be gained from a b o r t i n g  a 
m i s s i o n  as soon as p a r t i c l e s  a r e  observed, as  fa r  as  the dose €‘Tom 
a p a r t i c u l a r  event  i s  concerned. I n  f a c t ,  reniajc3ng i n  l u n a r  
o r b i t  may be h e l p f u l  because of t h e  s h i e l d i n g  provided  by t h e  
moon. However, because of t he  l i k e l i h o o d  t h a t  one l a r g e  p r o t o n  
e v e n t  w i l l  be fo l lowed by ano the r  w i t h i n  a week, some t y p e  of 
abort .  may be d e s l r a b l e .  

The dose  a c q u i r e d  may be reduced s0mewha.t by t a k i n g  i n t o  
accoun t  t h e  f a c t  that most of t h e  dose  i s  produced by p r o t o n s  
p e n e t r a t i n g  a few r e l a t i v e l y  t h i n  p a r t s  of t h e  s p a c e c r a f t .  These 
p a r t s  can be  po in ted  toward the moon, t h u s  r educ ing  t h e  dose more 
t h a n  j u s t  the 30% r e d u c t i o n  caused by t h e  moon. 

The warning system now env i s ioned  for Apollo,  and which 
would b e . h e l p f u 1  f o r  a l a n d i n g  mis s ion ,  would n o t  be p a r t i c u l a r l y  
h e l p f u l  f o r  t h i s  t y p e  of mis s ion ,  I n  o rde r  to be u.seful  a 
r e l i a b l e  system g i v i n g  about 3 days  or more f o r e c a s t  would be 
e s s e n t i a l .  Such a system does  not seem l i k e l y  i n  t h e  nea r  f u t u r e .  
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CO NC.L?.J S I ON S ---- 

The r e l i a b i l i t y  of n o t  exceeding t h e  e s t a b l i s h e d  dose 
l i m i t s  seems low enough that t h e r e  will probably  be i n s u f f i c i e n t  
j u s t i f i c a t i o n  f o r  spending g r e a t  efforts to reduce  it f u r t h e r .  
Reducing t h e  dose s i g n i f i c a n t l y  can only be done f o r  th2s t y p e  
of mis s ion  by r a t h e r  d i f f i c u l t  means. Because of the  r e a s o n a b l e  
s h i e l d i n g  provided by t h e  CM, r educ ing  t h e  dose by f u r t h e r  
s h i e l d i n g  would r e q u i r e  s i z e a b l e  added we igh t s  ( a b o u t  4 g/cm 
to r e d u c e  the dose b y  ano the r  f a c t o r  of 2 ) .  A l o n g  development 
program would be necessa ry  to prov ide  a u s e f u l  f o r e c a s t i n g  
system. Thus t h e r e  seems l i t t l e  th . a t  can be done t o  improve on 
th.e s i t u a t i o n ,  which i s  a c t u a l l y  no t  p a r t i c u l a r l y  bad t o  s tar t  wi th .  

2 
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